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Serial No. 10/791.628 CENTRAL FAX CENTER 

Filing Date; March 1, 2004 

JUN 0 7 2U07 

REMARKS 

Claims 1-5. 8-10. 19-40. 44-47 and 56-73 are pending; claims 11-18. 48-55 and 
74-145 are Withdrawn; claims 1, 8. 10. 19. 34, 35. 37. 44, 45, 59. 60 and 72 have been 
amended; claims 6, 7, and 41-43 have been cancelled. 

L Obfectiona to the disclosure 

The Examiner objected to the use of the abbreviation "SBL", and requests that 
this abbreviation for "subtlltsin' be defined in the specification at page 4, line 9 (see 
pages 2-3 of the Office Action). 

The Examiner also requested that a verb be used in the sentence on page 18. 
line 5 (see page 3 of the Office Action). 

Applicants have amended the specification accordingly to address the 
Examiner's objections, and request that the objections made to the specification be 
withdrawn. 

!!: Rejection u nder 35 U.S.C. 6112. second paragraph 

The Examiner has rejected claims 19, 34-35. 59-60 and 72 under 35 U.S.C. 

§1 12, second paragraph, as being Indefinite. Specifically, the Examiner indicates that 

claim 19 lacks antecedent for the word target", daim 34 is confusing In the recitation of 

"wherein targeting", claims 35 and 72 are confusing in the recitation of "-thioethyl", and 

claims 59-60 for missing the article 'a" in the phrase "Is component". 

Applicants have amended the claims according to the suggestions made by the 

Examiner, and request that the rejection of the claims under 35 U.S.C. §112. second 

paragraph, be withdrawn. 

1!L Rejection u nder 35 U.S.C. ^11 2. first paragraph 

A. The Examiner has rejected claims 10 and 47 under 35 U.S.C. §1 12, first 
paragraph, for failing to comply with the enablement requirement. 

In particular, the Examiner states that claims 10 and 47 refer to a Bacillus lentus 
subtilisin for which a sequer>ce is not provided in the disclosure. The Examiner indicates 
that the claims refer to particular residue positions in a Bacillus lentus subtilisin, while 
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"there is no sequence disclosure in the instant application and therefore one of ordinary 
skill In the art reading this specification would not know what particular sequence was 
being refen-ed to." 

Reference to the Bacillus lentus subtilisin is provided in the disclosure at least in 
the paragraph at page 47, beginning at line 26. which references U.S. patent 5.185.258. 
U.S. patent 5.185,258 provides the Bacillus lentus amino acid sequence in Figure 4 and 
describes the cloning of the subtilisin into a vector pGG36, from vrtiich the subtilisin 
protein can be expressed (for example see Example 1 of U.S. Patent 5,185,258). 

Therefore, claims 10 and 47 are enabled, and Applicants request that the 
Examiner withdraw the rejection of claims 1 0 and 47 under 35 U.S.C. §1 12. first 
paragraph. 

B. The Examiner has rejected claims 1-10, 19-47 and 56-73 under 35 U.S.C. §112, 
first paragraph, fbr falling to comply with the enablement requirement. 

At page 4 of the Office Action, the Examiner submits that one of ordinary skill in 
the art would not understand the metes and bounds of the term "cognate ilgand" as 
recited In claims 1, 25 and 62. 

Applicants submit that the term "cognate ligand" is well underetood by one of skill 
In the art as meaning a molecule that can specifically bind another molecule. A 
definition of a 'cognate ligand" is provided in the specification at page 8. line 30. In the 
context of the present invention, the target molecule recognizes and binds a cognate 
ligand, which when incorporated into a catalytic antagonist as the targeting moiety, can 
specifically bind the target molecule to degrade it. 

At page 4 of the Office Action, the Examiner stated that "Reference is made 
throughout the specification to 'GG36-Wr. and requested that "Applicants should define 
this term, showing where in the prior art this term is used". 

The Examiner con-ectly presumes that the term refers to a wild-type subtilisin. 
and Applicants have amended the specification accordingly. Tables 2, 30, and 31 
provide results that compare the activity of mutant enzymes to "GG36Wr. Reference is 
also made to GG36 in the prior art, for example, GG36 is disclosed in U.S. patent 
5,185,258 disclosed in the present specification at page 47, line 26. U.S. patent 
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6,185,258 provides the sequence for GG36 in Figure 4. and refers to the piasmid 
encoding the amino acid sequence as "pGOSe from Bacillus lentus (ATCC 21536)- In 
Example 1, and further references the amino add sequence as The amino acid 
sequence for this subtillsin is the same as that disclosed for subtilistn 309 in PCT 
Publication No. 89/06279". Further. GG36 wild type Is refenwJ to In U.S. Patent 
6.946.280 filed on IWarch 29, 1996. 

Thus, the GG36 sequence was i<nown in the art at the time of filing of the present 
application. 



At pages 4 arwl 5 of the Office Action, the Examiner indicated that the claims are 
not enabled because the examples provided In the specification do not support "that 
after the targeting moiety degrades the target molecule, it is released to bind another 
target molecule, as required by the instant claims". In particular, the Examiner refers to 
Example 3 and Example 4. 

Example 3 describes an experiment in which the concentration of catalytic 
antagonist exceeds that of the target molecule, in light of the data provided in Example 
3, the Examiner concluded that "with the eubtnisin molecule being in [access] excess it 
could just bind and degrade the HLADH and remain bound to it and the same data be 
obtained'. The Examiner further argues that Table 1 1 (Example 4) "does not refute this 
assertion as after 3 hours the percentage activity with the SieeC-pyrazoie was greater 
than the same time in Table T (Example 3). 

Applicants submit that while the experiment In Example 3 may not necessarily 
prove the binding, degradation, release and further binding of the targeting moiety. It 
does not disprove it. Furthermore, the results provided in Table 1 1 of Example 4 show 
that at 20 hours the % HLADH is reduced to 17%. Example 4 describes an experiment 
in which the ratio of target molecule to targeting moiety is 4:1. Table 11 shows that at 20 
hours the % HLADH is reduced to 17%. In presence of excess (4 fold) target molecule 
to targeting moiety, this reduction can be attributed to a repeating cycle of binding, 
degradation, release and further binding of the targeting moiety, as required by the 
claims. 
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Thu3, Applicants submit that the spedficatlon enables the claims, and 
respectfully request that the rejection be withdrawn. 

In the second paragraph at page 5 of the Office Action the Examiner questions 
the meaning of -amidase kinetics" and "ESMS' in Tables 2 and 30, arid "amidase 
activity" in Table 44. stating that "Exactly what ttiese labels represent and the 
signtflcance of them in measuring the effectiveness of pyrazole-CMM and biotin- 
CMM...is not un^lerstood'. 

"ESWIS" is an acronym for "electron spray mass spectrometry', and is a term well 
known in the art. For example, please see 

http://209.85.135.104/search?q=cache;rr5faZAXqQUJ:acronym8.thefreedictlonary.com/ 
ESMS+ESMS+definition&hI=en&ct=clnk&cd= 1 &gl-us 

Tables 2 and 30 respectively provide the results of the test of the activity of a 
subtilisin. whether wild-type or mutant, when the subtilisin is chemically modified to 
contain a pyrazole or a biotin group. The amidase kinetics provided in Table 30 are the 
results of the test of the activity of the biotln-modified enzymes in the presence of the 
substrate suc-AAPFpNA (Suc-Ala-Ala-Pro-Phe-pnitroanilide). which is used to determine 
the amidase activity of the modified enzymes. The "amidase activity" given in Table 44, 
is the activity of the biotin-modlfled enzymes determined using antibodies as substrate. 

The Examiner also indicates that Tables 30 and 31 contain three columns each 
having two sets of numbers per line, and suggests that should the second set of 
numbers reflect the margin of emr, that the Tables be amended accordingly. Applicants 
thank the Examiner for suggesting that the Tables be amended to the format given In 
Table 2, and have amended the specification accordingly. 

At page 8 of the Office Action, the Examiner stated that "suc-AAPF-SBn" is used" 
but "apparently It Is not disclosed what suc-AAPF-SBn is so that the significance of this 
assay cannot be ascertained". suc-AAPF-SBn Is the ester substrate succlnyhAla-Ala- 
Pro-Phe-S-benzyl used to measure the esterase activity of the modified enzymes. 

Applicants submit that a person skilled in the art would have known the meaning 
of the term at the time of filing of the application, and enclose herewith a copy of the 
reference by Estell at a(, which supports Applicants' assertion. 
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C. The Examiner has rejected claims 1-7, 19-28, 37-42, 44 and 56-65 under 35 
U.S.C. §112, first paragraph, for falling to comply with the enablement requirement. 

In particular, the examiner states that all "the embodiments in the instant 
specification [that] have been shown to be operable using mutants of subtilisin and that 
one of ordinary skill In the art is not taught by the specification how to make any other 
catalytic antagonists". 

While Applicants must respectfully disagree, in order to expedite prosecution and 
yet without acquiescing to the Examiner's arguments, Applicants have amended 
Independent Claims 1 and 37, without prejudice. Claims 1 and 37. as amended are 
directed to a sublilisin-type serine hydrolyse. Support for the amendment can be found, 
for example, in the paragraph beginning at page 11, line 19 and the paragraph beginning 
at page 13, fine 13. 

In light of the foregoing, the rejection of Claim 1-7, 19-28. 37-42, 44 and 56-65 
under 35 U.S.C. §112. first paragraph, should be withdrawn. 

IV. Rej ection under 35 U.S.C. SI 

The Examiner has rejected Claims 1 and 37 under 35 U.S.C, §l02(b) as being 
anticipated by Chandrasegaran. 

Applicants respectfully traverse the rejection. 

Chandrasegaran teach "DNA segments encoding the recognition and cleavage 
domains of the Fokl restriction endonuclease". and 'hybrid restriction enzymes 
comprising the nuclease domain of the Fokl restrlctton endonuclease linked to a 
recognition domain of another enzyme". The enzyme or hybrid enzymes taught by 
Chandrasegaran contain protein sequences that define the cleavage and sequence 
recognition domains. Chandrasegaran does not teach a catalytic antagonist comprising 
a subtilisin-type serine hydrolase to which a targeting moiety has been attached, as 
required by claims 1 and 37, as amended. 

Accordingly, reconskJeratlon and withdrawal of the rejection are proper and 
respectfully requested. 
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The Examiner also cited Davis et al, and Epenetos et al. as of interest. As 
discussed above, Applicants have explained that the specification Indeed teaches that 
the catalytic antagonists bind and degrade a target molecule, to then bind and degrade 
another target moJecuIe. 

Applicants submit that neither Davis et al. nor Epenetos et al. anticipate the . 
instant claims. 
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CONCLUSIQM 

Applicants believe the^pendlng claim is In condition for allowance and issuance of 
a formal Notice of Allowance at an eariy date is respectfully requested. If a telephone 
conference would expedite prosecution of this application, the Examiner is invited to 
telephone the undersigned at (650) 846-7636. 

This paper is accompanied by a Petition to Revive the present appncation. The 
Commissioner is authorized to charge any fees that may be required in connection with 
this submission and to credit any overpayments to Deposit Account No. 07-1046 
(Attorney Docket No. GC571-2-C1). 



Danisco US Inc., Genencor Division 
925 Page IVIill Road 
Palo Alto, CA 94304-1013 
Tel.: (650) 846-7500. Ext. 7636 
Fax: (650) 845-6504 



Respectfully submitted. 



Dated: June 7, 2007 
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Engineering an Enzyme by Site- 
directed Mutagenesis to Be 
Resistant to Chemical Oxidation* 

(Receiv«ct for pubUMitm, Febiraftzy 4, 19&6> 
Dav W A. £0l«)lt, Tkonm P. Qtmytaxt, ottd 
JatDesA. W«IM 

From the XDepanment pf Entymoioxy, GttULtveor, fru:, and 
^ iDq)artment Bhcatafy^iB, Qcnentech, Inc., South 

Site^irectod muiageneeis can be employed to ft)ter 
activity critical re^idaes in prot^ias which are suscep- 
tible to chemical oxidation* Previops siudiefl have im- 
plicated methiojiiiie 222 aa a primary site for oxidative 
inactivation of subtillain (Statilfat^ C. ai^d Etson^ 
D. (1969) J. Biot, Chem. 244, 638a^6daa). Beeauae of 
tinecrtaiiiticfi in predioting which amliiQacid wonld bo 
.the optima] substitute for raethionime 222, we pr«|iared 
atl 19 amino acid sabstitutionB at this site in th« cloned 
anbiilisin «ene using a oassette mutagexmia method 
(Wells, J. A., VB99er, M*, and Powexa. D. P. <1985) 
Gene {Am^tJip in press). Mutant enzymes were ex* 
pressed^ in BaciUus subtilis and were found to vary 
widely in speoifie activity. Mutants containing nonox- 
Idlzable amino acids (i.e. Ser^ Ala, and Len) were re- 
sistant to inactivation 1^ 1 k H^Q,, whereaa methio- 
nine and cysteine en^mea were rapidly inactivated. 
These studies demonatrate the feasibility of improving 
oxidative aUbility in proteins by ^te^directed nuta-' 
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One of the primaiy sources of protein instability is their 
suQceptibiiity to oxidation and subsequent inactivation or 
denatumtion (for review, see Brot and Weisshachi 1983). This 
ia espedally true for proteins containing methionine, cysteine, 
or tiyptophan teiddues in or around the active site. While 
methionine sulfoxide in proteins can be reduced in viw (Brot 
€t ol, 1981), indufttrial applications of enzymes and proteins 
can be hampered by oxidative inactivation. It would therefore 
be uoefbf to investigate the iiinctionaf consequences of replac- 
ing activity critical residues which are sensitive to oxidation. 
Subtilisin, a serine protease from BaciUua spedee, contains 
an invariant methionine residue at position 222 (Markland 
and Smithy 1971). Treatment of the en^e with KsOs leads 
to ibactivatioD that correlates directly vtith the production of 
methionine sulfoxide at position 222 (Stauffar and Etson, 
1969). 

We have cloned and expreBsed the gene for Bacillus omy- 
hUquefacienM subtilisin (Wells et oL, 1983). Site-directed mu- 
tageneds methods (Wallace et al„ 1981; Zoller and Smith, 
1982) permit the replacement of methionine 222 with any 
amino add. Although the thrse-dimensional structure of sub- 
tilisin is known (Wright et o2., 1969; Drentb et oi, 1972), it is 
not obvious from the existing data base which nonoxidi^ble 

* The cQStft of publiCKtion of this firtide were defrayed in part by 
tbe rayment of page charges. This article mast therefoxe be hereby 
marked "^adimrtisement** in accordance frith 18 U.S.C. SecUon 1734 
BOlely to indieste Ihift fact. 



residue would be the optimal substitute for methionine 222 to 
retain enzymatic activity. The pbenylmethylsulfonyl fluoride- 
inhibited subtiliain structure of Wright et al. (1969), shown 
in Fig. 1, indicates that the metluonine is large^ buried among 
the Bide chains of tyrosine 217, hiatidine 64, histidins 67, and 
the main chain atoms 217-21& To complicate matters, the 
diisopropy] floorophosphate-inhibited subtilisin structure of 
Drenth et aL (1972) shows methionine 222 to be largeb^ 
solvent-exposed. Methionine 222 is next to the catalytic site 
serine 221 and sits at the am'mo-tenninal end of an ir-heliz 
in the molecule* 

Predictions based on homologous exchanges of amino adds 
in related proteins (Dayhoffet cL, 1978) would suggest leudna 
or valine as the most homologouB substitution for methionine. 
However, these homologous exchange data are most often 
generated ium sites which have tittle or no a|]pa»it fime- 
taonal dgnificance. Because of stnsctural uncertainties and 
the Implication that substitution of methionine 222 could 
have significant &octional conasquencee, we elected to make 
many sufaetitutioDS at.codon 222 and screen I6r a more oxl- 
datively stable mutant. 

MATBMALS AND METHOfia 

PftKhiction of aU 19 amino acid substhaAbns at codsn 229^ ef the 
siibtiU$m gens employsd a csseette matagsns9l8> strategy pmviouahr 
described (WeJli et al^ 19BG)» Briefly, nient restriction sites (i.«L P^tl 
end Kpnl) wete introduced into the JB, am^oiigu^Qden$ sobtUiain 
gens (Wdls «t oL, 1983) by eite-KiiTected mutageasftis. Hie M and 
Kpnl sitsfl prcMkiced were uniqtie and were dee^ned to flank ckMe|y 
the tar^ codon 222. X>igeKiicm of the plavraid with Pstl tatd Kpril 
produced a SS^befte pair ^ep tk^t removed tHe eequenee indtiding 
eodon 222. Duplex aynthetic oligDnudeotids cassettes were ligsted 
into the gap between tbe restriction sites. The cassettes wera desi|^ 
to renofs the coding sequence in tbe gap and to imnxhiee an sKered 
oodon at position 222. 

BaeiUuM guhttUa strabi EG2(^, which contains deletions m the 
stnwbiral genes tor nautial pfotsase and eqbtilisin (Yang etoL, 1984). 
was tianaformed with plssia^ horn Ea^herichta eoU ( Anagnostopou- 
loe snd Spnism. IMl). Plssmidi contsined a ddorattphenicd is- 
eistance gsne (Bsnd snd Menasr, 1984). .fianttkis tfaasformsatfl a^ 
cultured 20-24 h in shake flasks containing LB msAa phv 12jS |ig/ 
ml chloranq)hsnieel at 37 'C. 

To purify subtilisin, eolnne eiiperostants were dialyaed against tO 
njM sodium pbosphste, pH 6.2, fat 13-20 h. Dlalytad broth was 
adjusted to pH and loaded Onto s CMS2 column e^ppiozimatety 
one-tenth tbe volume of the dialyzed cuhme broth. After washing 
with 10 mM sodium phosphate* pH 6.2, the en^ynie was ehited with 
tbe same buffer phis 0.08 M KaQ. The aubtiUaSa peak wss identilied 
by en^yms activity and shown to be >9$% pure by sodium dodapyl 
sulfbte yel electropboteeis. Bniyme concentratione wen dstexznSnad 
spectrophotometrifislhf = 1.17; l^atvub^ €t aL, 19$$). The 
molar absorption eoelBdent for the tryptophan mutant was adji^ted 
by a factor of 1.18 (Alsn, J981). No conection wag mwle for smal] 
absorbance changes eipected fhm the ether aietmstic amino acki 
subStitUtiona Enqfmes vatayed in a soihition containing raM 
JV-sncciny]-L<Ala-L-A)s-L-Pn>-L^Phe-p^»itrosnaIide (Vega Biochem- 
icals), 0.1 M Tris, pH 8.6^ at 25 X. The aassiys messuied the incrae^ 
in absorbance at 410 nm/mm due to Aydrobeis and lelesss of p> 
nitiuanaline (c.ia 8480 m'^ cm-^ Del Mar ec al, 1979K 

■The term "cassette mtttageneais** denotes the Insertion of an 
oligodeosynucleatide cassette (a eynthetie doufaSe^anded DN A f is^ 
ment) into an appioprtate plssmld. 
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Flc. I. St^i-eoscoplc view of the 
active site of mibtlUfltn fnmx B. am- 
y/oMgiie/ocserw0truetur« (Wri^t et 
a/.. 1B09>. Residues labeled include 
•erine 321 ^ hiatUjine 64. md a«parMM 32 
which fom ibe catalytic triad typwal <d 
serine proteeses. Alfio labeled i* mediio- 
niite ^2 which is the residue identified 
hif peptide mapping ^diea to be oxi- 
dised to the sulfoxide hy HA with 
miltfiiit Insctivfltion (Stauffer end Eteon, 
3969). Substrate binds from the N to C 
tenninudacrage the binding cleft extend- 
ing from the upper right to lower left 
<Roberti2fi€ta£.» 1972). 



TabLb I 

JSelofive iipee^ ixtbfkka cf cod6n 222 mutant subtilkms 
Mutant enemies warn purified end essayed as described under 
"NfateriaU^nd Methods." 
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Table H 

^ln«tjc eonewntfi /bi- 9eiected codon 222 mtf<ont» 
Km and vaJuea were datermixted from initial rate meesure- 
menta for hydrajyeie of Msuccioyl-L-Ala-L-Ala-L-Pro-L-Phe-p-ni- 
troanallde over a atxbdtrate concentration of 4 X lOr* to 2.6 >c 10^ u 
in 0.1 M Tris, pH 8.6, Ot 26 *C (aee ''Materiala aod Metbock'^. Data 
were fH to the Michaelis-Menten equation usinft e nonlinear K^res- 
fiiee algorithai (Marquardt, 1963). En^e concentratione wm de^ 
teffnined Bpectn^iitiimi^albr to pennit cafculation of /ram 
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AfiSVLTS AND DISCUB3I0N 

Mutant subtiUMD genes wtjt expressed, and exibtilifiin was 
secreted.fhim the B. subtUis atfAm BG2036. This fltfain con- 
tains deletions in the endogenotu host subtilisin and neutr^ 
protease genes (Yan^ ei ol, 1984) and so elininatefl bnck- 



fllMund secreted protease activi^ from these two m^^ot se- 
creted pr^taasos* FXirthermore, poasible racpmbination be- 
tween the plasmid containing the mutant mibttllBin gana and 
the boat subtilisin ge^e can be avoided. 

To determine the specific activity of Aaeh mutant enayme, 
«n2ynies were purified f^m culture eupematants, and their 
concentrations were determined apecitophotometrically* The 
eni^ymes were assayed against the sub^rate, succiny^L-Ala- 
t-Ala-L-Pro-L-Phe-p-nitroanalide, and relative ^>edflc activ- 
Itieo venua wfld-type (Met.222) are listed in Table L There 
is a variation in specific activity of these mutants AfO^lSBft 
cf wild-type. In general, amall amino acids an the moat active 
toward this substrate foHo wed the amino aclda with amides 
and aliphatic aide chains. Bulky aromatic and charged amino 
acid substitutions are lees active. Positioii 222 ia at the N 
terminus of an a-halix; thus, fi^lne and ptoline aubatitutions 
are accommodated raaaonabiy waD. Both solfur-containing 
amino aeids are moat active^ and the cysteine mutant has an 
even greater specific activity under tBeee conditions than the 
wild-type enzyme. 

To undezetand further the basis f<%r variation in specific 
activity between mutant enzymes, the kinetic constants, 
and Km, were determined for selected mutents. As shown in 
Table I^Km^ greater for the cysteine mutant than for the 
wild-iype. The specific activity data in T^ble I suggest that 
the cysteine mutant is a better enzyme than the methionine 
enzyme because at substrate eaturation concentrations the 
comparison of these en^ymee is weighted between the 
values, Use increase in for cysteine 222 is coinddeni with 
a disproportionate increase in Km ea the eotdytao efficiency 
of this enzyme la still below that of wild-type. Substrate 
binding is most eigniiicankly weakened In the eyoteine, ala- 
nine, and eeiine mutama* However, for leucine 222, Ae« is 
seen to he lowened with only a S-foid increase in Kh. 

Studies aie underway to determine the substrate dependence 
and structural basis £or these altexed fractional parameters. 

The mutant enzymes were evaluated for resistance to in- 
ectivation by 0.1 hi Hfi,^ As shown in |^ 2, the wild-type 
enzyme (methionine) was rapidly inactivated (tn 2.6 min). 
However, the serine and alanine enzymes were stable over a 
1-h time course, as was leucine 222 (data not fihown). Whereas 
the cysteine mutant was barely affected by 0.1 M lUQ^ it was 
inacUvated by 1 m HjO* (tn - 12 min) as shown in Fig. 2. 
The fact that the cysteine mutant oxidizee mote shywly than 
methionine may reflect steric inaccessibility and/or intrindo 
oxidation potential of the eulftjr. The activity of the soine 
and alanine mutants reiiiains unaffected by 1 M HA- When 
the wi]d*iype emQnne was added to the eerine-eubatituted 
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eti2ym« aftex 1 h of incubation with I m HiOa, th« fonncr was 
rapidly inaaivated, indicating the continued preflenco of H^Os 
(data notabown). 

The oxidized wild-type enzyme, which Stauffer and Etaon 
(1969) showed to be methionine euifoxide^ maintflins appit«- 
imately 12% reaidual activity when in either 0.1 or I M Hfii. 
This suggefitd that the oxidized ensyme is still 12% active. 
Siinilariy, the cyateine enaroe maintains appronimately 7% 
reoidual enzyme activity after prolonged traatment {45 min) 
with 1 M HfiOs (data not shown). Under these conditional the 
cysteine should have o^cidized to the sulfonate (Means and 
Feeney, 1971). It is interesting to note that the osidised 
derivatives of methionine and cysteine (te. methionine adlf- 
oxide and cysteine sulfonate^ respectively) are staiio and 
charged homologuea of glutamine and aspartic acid, respec- 
tively; these derivatives poaBess about the same corresponding 
specific activity. Thus, whether introduced by mutagenesis or 
by chemical modification* bulky or charged substitutions at 
position 222 have a delaterious effect on ensyme function. 

Stauffer and Btaon (X969) ahowed that the generation of 
methionine sulfoxide by 0.1 m HjOj correlated with the re- 
duction of enzyme activity. However, their data on total amino 
acid composition during H^Ofi treatment could not rigonnisly 
exclude the possible oxidation of other activity critical jeai- 
duea. The data presented here 8how that aubstitution of 
methionine 222 by an oxidatively stable residue (ie. Ala, Ser) 
impam oxidative r^eistance as measured by enqrme acth/ity. 
Although other sites may be oxidised, it ia clear ftom these 
data that substitutions at position 222 affect catalytic efTi- 
ciency and oxidative stability. The alanine and aerine mutants 
appear to be the optimal derivativeB for combined specific 



activity against /^-succinyl>L-Ala-L-Ala-t-P^L^Phe-p-ni- 
troanalide and oxidative resistance. 

Predictions of optimal amino acid replacement baaed on 
homologous exchange data (Dayhofif et rf., 1978) would have 
incorrectly targeted leucine and valine as optimal methionine 
substitutes. Because of uncertaintiea in structuze-Ainction 
reiationshipBp multiple amino acid replacements were required 
to find optimal methionine substitutes. Thia work and that 
of Rosenberg ctaL (X984)' demonstrate that oxklatlveetabdiity 
in these proteina can be improved fay r^Iacement of oxida- 
iively sensitive residues which are activity critical 

Chemical oxidation can be a sif^incant souice of enzyme 
inactivation particularly for emQrmea which ftmcUon extra- 
celhilarly (Brot and Wdssbach, 1983). Even though oxida- 
ti vely sensitive residues may be of functional importance, this 
work demonstrates that it txtsy be possible to ifind oxidathreiy 
stable amino add substitutions which maintain enzyme ftmc- 
tion. Thia could have significant benefit in atabili2ing enzymes 
used in mdueiria] processes. We qieculate that enzymes may 
be produced which are resistant to inactivating chemical 
modifications at noncatalytic residues by substitution for 
amino acids which are resistant to such modineaticms. 

AeknowledgmefU9^'We yrkih to Uiank Dr. Rick Bott fat help with 
cwnputw graphics. We are gratefiil to the supporl of Dr. WaiJatu 
RaAtetter, Dr. Rjv Gomez, and the Precein Engineering elfotts at 
Ow>entech atid Oenencor. Dm. Steve Anderson, Tony KdasiakofT, 
ano Ron Wetzel provided ooo»tructivs ceqmnents on this monWrlpt. 

'At the time the pr^nt work i^ cnibmittMl, thiv group sKiywe4 
that r«plflcenent of a nMthioDLne r^dua with valine in the active 
site of iy,-antl-t^8in inhibitor rmlted in « functk>nal inhibitor 
having greater oxidative stability. No other nnxtants were describml. 
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